The strain diversity in Plasmodum fakciparum has been studied with respect to gamete surface antigens which are the targets of transmission-blocking antibodies. Of 12 isolates tested, 11 were positive by immunofluorescence with the three monoclonal antibodies studied. It has been shown previously that two monoclonal antibodies (MAbs), IIC5-B10 and IA3-D8, reacted with gametocyte and gamete stage-specific antigens on a Brazilian clone of Plasmodium falciparum 7G8 and blocked transmission of this parasite to Anopheles freeborni mosquitoes when presented together with parasitized blood through a membrane feeding apparatus (6). The MAbs mediated a complementindependent suppression of infectivity to mosquitoes when mixed together but were without effect when tested individually in the absence of complement. One MAb, IA3-B8, also suppressed infectivity when administered by itself in the presence of active complement. Both MAbs precipitated the same set of three labeled proteins from surface radioiodinated gametes or zygotes ofP. falciparum 7G8 with Mr values of 250,000, 59,000, and 53,000 under reducing conditions on sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). Three proteins of similar but not identical molecular weights have been identified on the surface of gametes and zygotes of Plasmodium gallinaceum by MAbs which block infectivity of this parasite to mosquitoes (4). These proteins, therefore, appear to represent a class of antigens on gametes of malaria parasites in general which are the targets of transmission-blocking antibodies.
It has been shown previously that two monoclonal antibodies (MAbs), IIC5-B10 and IA3-D8, reacted with gametocyte and gamete stage-specific antigens on a Brazilian clone of Plasmodium falciparum 7G8 and blocked transmission of this parasite to Anopheles freeborni mosquitoes when presented together with parasitized blood through a membrane feeding apparatus (6) . The MAbs mediated a complementindependent suppression of infectivity to mosquitoes when mixed together but were without effect when tested individually in the absence of complement. One MAb, IA3-B8, also suppressed infectivity when administered by itself in the presence of active complement. Both MAbs precipitated the same set of three labeled proteins from surface radioiodinated gametes or zygotes ofP. falciparum 7G8 with Mr values of 250,000, 59,000, and 53,000 under reducing conditions on sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). Three proteins of similar but not identical molecular weights have been identified on the surface of gametes and zygotes of Plasmodium gallinaceum by MAbs which block infectivity of this parasite to mosquitoes (4 to 100 ,ug of MAb in the form of ammonium sulfate-precipitated ascitic proteins or with ammonium sulfate-precipitated normal mouse serum. The antigen-antibody mixture was added to 25 ,u1 of packed beads of protein A-Sepharose and incubated for 2 h at 4°C with gentle rocking. The beads were washed, and the immune complexes were eluted as described by Kaushal et al. (3) . Electrophoresis was carried out on 5 to 15% gradient slab gels.
Measurement ofeffect ofMAbs on infectivity ofP.fakciparum gametocytes to mosquitoes. The production of monoclonal antibodies has been described previously (6) . The MAbs used in this study were IA3-B8 and 11C5-B10, both isotypes -y2., and IID2-A1O, isotype lyl. To assess their effect on infectivity of P. falciparum, 30 to 40 RI of parasites and erythrocytes from culture (suspended to a 50% hematocrit in heat-inactivated human serum) were combined with 150 ,lI of freshly drawn defibrinated human blood (containing active complement) and 60 ,ul of MAb in a membrane feeder, on which A. freeborni mosquitoes were allowed to feed. In paired feeds designed to compare results obtained in the presence or absence of active complement, the fresh defibri- nated blood was washed twice in Tris-buffered glucose-saline (pH 7.4; SA solution) (6) , and the cells were suspended in either heat-inactivated or native human serum. The serum used in feed for the P. falciparum clone L.E5 was drawn from a single donor, with one sample being frozen immediately and the other heat-inactivated before freezing. Ammonium sulfate-precipitated ascites of the NS1 myeloma line was used as control in the L.E5 feeds. In feeds with P. falciparum clones 7G8 and L.E5, the final MAb concentration were as follows (in milligrams per milliliter): IICS-B1O (0.6 to 2.8), IA3-B8 (0.7 to 2.9); and IID2-A1O (2.4 to 2.5). In feeds with P. falciparum lines It.D12 and T4 the final MAb concentration was 1.1 to 1.3 mg/ml. The controls were ammonium sulfate-precipitated normal mouse serum at a protein concentration of 1.1 to 1.3 mg/ml. In all experiments mosquitoes were dissected 8 to 9 days after feeding, and the number of oocysts per midgut was examined in samples of approximately 10 to 15 mosquitoes. Suppression of infectivity by the MAbs, expressed as a decline in the percentage of mosquitoes infected, was evaluated by the chi-square test. Because of the variation in the infectivity of the cultures in different experiments, the infection rates in the presence of MAbs were compared only with those obtained in the controls run simultaneously.
RESULTS
Immunofluorescent reactions of MAbs. In indirect immunofluorescence at concentrations of 60 to 100 jig/ml, MAbs IIC5-B1O, IA3-B8, and IID2-A1O gave uniform strong surface fluorescence reactions ( Fig. 1 ) with extracellular female gametes or zygotes of all isolates tested except for one ( Table 1) . Gametes of the cloned African line L.E5, although positive with IIC5-BlO, were completely negative in reaction with IA3-B8 or IID2-A1O. All controls were negative.
A wider range of isolates was tested by immunofluorescence on air-dried, acetone-fixed gametocytes (Table 2) . In this case all isolates were positive when tested with MAbs at 60 to 100 jig/ml, with the exception of L.E5 and L.G2, both clones of the Liberia isolate (5), which were totally negative. Immunofluorescence tests were performed at least twice for each isolate or clone.
Immunoprecipitation of labeled antigen by MAbs. MAb IIC5-B1O precipitated three proteins of apparent Mr under nonreducing conditions of 235,000, 49,000, and 46,000 from the surface of 125I surface-labeled gametes of clone L.E5 (Fig. 2) . These proteins are equivalent to those precipitated from 7G8 gametes as shown previously (6) . Their apparent Mr values under reducing conditions were 260,000, 59,000, and 53,000, respectively. Neither IA3-B8 nor IID2-A1O precipitated labeled material from gametes of L.E5.
Effects of MAbs on infectivity to mosquitoes of different isolates of P. falciparum. In the presence of complement, the infectivity of strain It.D12 (Table 3) was partially suppressed by IID2-A1O or IA3-B8 alone, but not by IIC5-B1O; in combination, IA3-B8 and IIC5-B1O completely abolished infectivity. Similar results were obtained with these MAbs in the presence of complement against strains T4 and 7G8 (Tables 4 and 5 , respectively), although with complement, infectivity of 7G8 was even more effectively suppressed by either IID2-A1O or IA3-B8 than was It.D12. In the absence of complement, neither MAb alone was effective against 7G8, although the combination of IA3-B8 with IIC5-B1O was as effective with as without complement. The minimum effective concentration in the absence of complement of ammonium sulfate-precipitated ascites of MAbs IIC5-B10 and IA3-B8 was tested (Table 6 ). In equal concentrations, this combination of MAbs completely suppressed the infectivity of 7G8 at 60 jig/ml (total combined concentration), and suppression was still very effective at 15 ,ug/ml.
The effect of these MAbs on infectivity of strain L.E5 differed from that of the other isolates (Table 7) . IID2-A1O alone was ineffective with or without complement; although IA3-B8 appeared to have some suppressive effect in the absence of complement (as measured by the percentage of mosquitoes infected), this was not borne out by the oocyst densities achieved. IIC5-B1O, on the other hand, gave partial suppression of infectivity of L.E5 without complement and almost complete suppression with complement. In the absence of complement, the combination of IIC5-B1O b Four feeds with the antibodies IA3-B8, IIC5-B10, and the two combined have been reported previously (1) .
d Significantly different from control (P < 0.001 by the chi-square test). ' Significantly different from control (P < 0.05 by the chi-square test).
and IA3-B8 did not significantly affect infectivity of L.E5, although with complement moderate suppression occurred. DISCUSSION Results of this study indicate that MAbs IA3-B8 and I1C5-1310, previously shown to act in synergism to block infectivity of P. falciparum to mosquitoes, each recognize a distinct epitope on the target antigen. This may be concluded from the fact that IA3-B8 failed to react by either immunofluorescence or immunoprecipitation with gamete surface antigens from one isolate of P. falciparum from Liberia, but did react with all other isolates tested. MAb IIC5-B10, on the other hand, reacted by these tests with all isolates examined, including the Liberian isolate. A third MAb (IID2-A10) showed the same pattern of reactivity as IA3-B8 and probably recognizes the same epitope.
These data demonstrate the conservation of the IIC5-B10 epitope amongl5 different clones or isolates of P. falciparum from Central and South America, Africa, South east Asia, and Papua New Guinea. The epitope that reacts with IA3-B8 and IID2-A1O also appears to be generally conserved, being recognized by these MAbs in all but two clones (L.E5 and L.G2) from the Liberian isolate. Several isolates were tested for their infectivity to mosquitoes in the presence of these MAbs (Fig. 3) . The effect of the MAbs on infectivity reflected their reactivity with the isolates by IFAT and immunoprecipitation. P. falciparum lines It.D12 from Brazil and T4 from Thailand responded to the MAbs in a way generally similar to that previously shown for line 7G8 from Brazil (6) . Thus, in the presence of complement, IIC5-B10 was relatively ineffective in suppressing infectivity, 1A3-B8 and I1D2-A1O were more infective, and the combination was highly suppressive against all three isolates. Clone L.E5 of the Liberian isolate, on the other hand, was of greatly reduced infectivity in the presence of IIC5-BlO with complement but was affected little by IA3-B8 or IID2-A1O. In the absence of complement, the combination of IIC5-B1O and IA3-B8, which completely suppressed infectivity of line 7G8, was totally ineffective in suppressing the infectivity of L.E5.
The results with L.E5 involving IA3-B8 and IID2-A1O are readily accounted for by the failure of these MAbs to react with their target epitope on gametes of L.E5, presumably because of its variation, inaccessibility, or absence on ga- 
